. Furthermore, hair analysis may provide a non-invasive 79 approach for monitoring previous exposure also for wild animals, with easier storage and longer detection 80 time compared to other non-invasive methods such as detection in pellets of bird of prey, or faeces of 81 mammals (2427) . 82
In the present study, we developed an UHPLC-MS/MS for the simultaneous determination of 10 83 anticoagulant rodenticides plus α-chloralose in human hair. The method was fully validated and applied to 84 a case of intentional poisoning perpetrated by administration of difenacoum and α-chloralose. 
Analytical method Instrumental conditions 100
All analyses were performed on a Shimadzu Nexera 30 UHPLC-system (Shimadzu, Duisburg, Germany) 101 interfaced to an AB Sciex API 5500 triple quadrupole mass spectrometer (AB Sciex, Darmstadt, Germany) 102 with an electrospray Turbo Ion source operating in the negative (ESI-) ion mode. A Kinetex C18 column 103 50×2.1 mm i.d. × 1.7 μm (Phenomenex, Italy), protected by a C18 guard column, was used for the 104 F o r R e v i e w O n l y 5 and the cell exit potentials (CXP) were also optimized. Each SRM transition was maintained during a time 114 window of ±10.0 s around the expected retention time of the corresponding analyte, and the SRM target 115 scan time (i.e.,sum of dwell times for each SRM cycle) was 0.30 s, including pause times of 5 ms between 116 consecutive SRM transitions. The best results were obtained using a source block temperature of +500 °C 117 and an ion-spray voltage of -3.000 V. Both Q1 and Q3 were operated at unit mass resolution. Nitrogen was 118 employed as the collision gas at 5×10 -3 Pa. The gas settings were as follows: curtain gas 30.0 psi, collision 119 gas 8.0 psi, ion source gas GS1 40.0 psi, and ion source gas GS2 50.0 psi. The Analyst 1.5.2 (AB Sciex) 120 software was used for data processing. The chemical structures of the anticoagulant rodenticides 121 investigated in this study and α-chloralose are reported in Figure 1 . All analytes and IS, their corresponding 122 retention time, SRM transitions, and potentials are presented in Table 1 . 123
124

Case study 125
A 97-years old woman was hospitalized because of severe symptoms, including drowsiness, convulsions, 126 pallor and hematoma. The laboratory tests showed abnormal values for coagulation parameters 127 (prothrombin time-international normalized ratio PT-INR = 12.46; activated partial thromboplastin time 128 aPTT = 60 s; aPTT ratio = 1.82). After intra-venous (IV) administration of 10 mg vitamin K and one day 129 monitoring, the patient recovered from the hemorrhagic syndrome (PT-INR = 1.45; aPTT = 40.6 s; aPTT ratio 130 = 1.23) and was dismissed. After one week, the woman was taken again to the Emergency Department (ED) 131 because she accused the same symptoms. Her coagulations parameters were the following: PT-INR = 13.31; 132 aPTT = 68 s; aPTT ratio = 2.06. After IV administration of vitamin K and three blood transfusions, the patient 133 recovered once more. 134
During the treatment of the second episode, a blood sample was collected and screened for anticoagulants, 135 in order to find possible explanations. Screening for further substances, which may account for convulsive 136 symptoms, were not performed. Since the blood sample resulted positive to difenacoum, the case was 137 reported to the Public Prosecutor's office, which took jurisdiction of the case. A fruit mousse allegedly used 138 to poison the victim was seized by the Police. Our laboratory was asked by the Prosecutor to determine the 139 content of the mousse and to estimate for how long the poisoning occurred. In order to respond to the 140 latter query, the victim was asked to give a hair sample on which to perform the inherent toxicological 141
analyses. The patient's hair sample was taken 2.5 months after her first hospitalization. 142
143
Sample preparation 144
About 200 mg of hair was twice-washed with dichloromethane (2 mL, vortex mixed for 3 min). After 145 complete removal of solvent wash, the hair was dried at room temperature by a gentle nitrogen flow and 146 subsequently cut with scissors into 1-2 mm segments. An aliquot of about 50 mg was weighted and then 147 fortified with 62.5 µL of warfarin-d5 an IS working solution at 20 ng/mL, yielding a final concentration of 25 148 The analytical method was validated in accordance with the criteria and recommendations of international 158 standard and international guidelines (2933). The following parameters were investigated: specificity, 159 selectivity, linearity range, detection and quantification limits (LOD and LOQ), intra-assay and inter-assay 160 precision and accuracy. Carry-over and matrix effect were also investigated. The repeatability of relative peak intensities for the transitions of each analyte was determined on five 173 spiked hair samples at two concentration levels (5 and 250 pg/mg). Retention time precision at each 174 concentration was also determined. 175 176
Linearity, LOD and LOQ 177
The linear calibration model was checked by analyzing (two replicates) blank hair samples spiked with the 178 working solution at five concentration levels (5, 25, 100, 250, 500 pg/mg). The calibration was completed 179 by internal standardization. The squared correlation coefficient, adjusted by taking into account the 180 number of observations and independent variables (AdjR 2 ), was utilized to roughly estimate linearity. 181
The limit of detection (LOD) was estimated with the Hubaux-Vos approach (3034 
Carry-over 193
The background chromatographic profiles for each analyte were monitored during the analysis of blank hair 194 sample injected for five times after the chromatographic run of a spiked blank hair sample containing all 195 the analytes at 500 pg/mg concentration. To assure the absence of carry-over, the same criteria adopted to 196 verify the specificity requirements had to be respected. 197
198
Matrix effect 199
Matrix effect (expressed as percentage variation) was evaluated at 25 pg/mg analytes concentration by 200 comparing the signals obtained when the analytes were added to the matrix extract with those acquired 201 from a methanol solution containing the analytes at the same concentration. Since the quantification of 202 real samples is performed by internal standardization, the 'relative' matrix effect, namely the effect 203 calculated by comparing the peak areas of the analyte, divided by the peak area of the IS, both in matrix 204 and methanol, was also evaluated. In the latter case, the matrix effect is expected to be partly 205 compensated by the choice of a suitable internal standard, both analyte and IS undergoing similar 206 interference from the matrix. The matrix effect was calculated as the mean of five replicates. 
Precision and accuracy 242
Intra-and inter-day data on precision and accuracy are reported in Table 3 . The results show satisfactory 243 intra-day repeatability, as the percent variation coefficient (CV%) is lower than 10% for all the spiked 244 analytes at low and high concentration, with only one exception (11% for dicoumarol at 250 pg/mg). The 245 intra-day results also demonstrated optimal accuracy, as the percent bias are within few percent in almost 246 all cases, with maximum experimental errors of -12% and +9.6%. 247
Also inter-day repeatability and accuracy results proved fully satisfactory, as CV% and bias% values were 248 within 12% or lower for all the spiked analytes at both low and high concentrations. 249 250
Carry-over 251
The background chromatographic profiles of the main transitions for each analyte, monitored during the 252 analysis of blank hair extracts injected after samples spiked at the highest analytes concentration, did not 253
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expected for most of the tested analytes, with few exceptions. For dicoumarol and flocoumafen, S/N>3 255 (S/N = 3.4 ÷ 8.9) was observed in all the replicates for both SRM transitions considered. We also evaluated 256 the carry-over effect after a slightly lower spiking of hair samples, i.e. 250 pg/g. Measurable carry-over was 257 recorded for dicoumarol and flocoumafen also in this case, and the evaluation criteria for specificity were 258 respected. For acenocoumarol, S/N>3 was observed in two replicates out of five for both SRM transition 259 considered. In conclusion, possible occurrence of carry-over effects have to be taken into account for these 260 three analytes when they are detected at relatively high concentrations. 261
262
Matrix effect 263
The effect of the real hair matrix components appeared to be significant for some of the analytes tested 264 (see Table 2 ). The results of 'absolute' matrix effect show an increasing ion suppression in the last part of 265 the chromatographic run, when methanol exceeds 80% in the eluent mixture and most of the hydrophobic 266 matrix components are likely to be eluted. This effect is probably due to the simple sample preparation 267 procedure, which is effective and rapid but do not include a purification step. Notably, a contribution to the 268 observed matrix effect from the addition of multiple spiking has to be excluded, because no co-elution 269 among the analytes is observed. The IS-corrected values of 'relative' matrix effect show a significant 270 improvement for warfarin and dicoumarol, whereas the large ion suppression observed for flocoumafen 271 and brodifacoum take minimal advantage from the IS-correction. In real forensic cases, the quantitative 272 results for these two analytes should be considered thoughtfully. Fully reliable results may be obtained by 273 the standard addition quantification method, whenever high accuracy is needed. On the other hand, the 274 good linearity observed in the calibration plots for these analytes demonstrated that the observed matrix 275 effect is proportionally constant, i.e. does not depend on the analytes' concentrations. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 symptoms, were not executed. Since the blood sample resulted positive to difenacoum, the case was 290 reported to the Public Prosecutor's office, which took jurisdiction of the case. A fruit mousse allegedly used 291 to poison the victim was seized by the Police. Our laboratory was asked by the Prosecutor to determine the 292 content of the mousse and to estimate for how long the poisoning occurred. In order to respond to the 293 latter query, the victim was asked to give a hair sample on which to execute the inherent toxicological 294
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analyses. The patient's hair sample was taken 2.5 months after her first hospitalization. 295
The extraction of the fruit mousse was performed by QuEChERS method, which is a streamlined and 296 effective extraction and cleanup approach for the analysis of a variety of analyte residues in food matrices 297 (3236) . The fruit mousse sample tested positive for difenacoum and α-chloralose, at 2 µg/g and 50 µg/g 298 concentrations, respectively. 299
To execute perform segmental analysis, proximal and distal extremities of the hair sample were identified. 300
Assuming that the hair growth rate generally ranges from 1.0 to 1.3 cm/month (3337), a relationship 301 between hair length and investigation chronology was obtained. The hair length was about 9 cm and was 302 segmented as described in Table 4 . 303 Difenacoum was detected in the first (proximal) 3-cm hair segment at the concentration of 2.9 pg/mg. To 304 our knowledge, this is the first study to report that exposure to difenacoum is detectable in real hair 305 samples. For most drugs, concentrations in the low picogram per milligram range are expected in the 306 circumstances of single intake, such as in drug-facilitated crimes and drug offences (2528, 348, 359) . 307
Differently, long-term intoxication usually lead to nanogram of drug per milligram of hair levels (3640, 308 3741). Therefore, we concluded that in the present case the victim was administered difenacoum in either 309 a single or few isolated occurrences, possibly immediately before the two admissions into the ED. 310
The other target analyte found in the hair sample was α-chloralose, which was detected in the proximal (0-311 proposed to consider that the highest concentration must be detected in the segment corresponding to the 324 period of the alleged event, and this measured concentration should be at least three times higher than 325 those measured in the preceding or following segments. In the case presented hereby, we concluded that 326 the victim was repeatedly exposed to α-chloralose in the period corresponding to the first segment of hair. 327
Possible contamination of the remaining hair segments may be accounted for by the fact that the victim 328 used to spend most of her time in bed or on armchairs. 329
Several harmful substances are easily available on the market in large quantities. Therefore, these 330 compounds are often involved in intoxication cases and detected in biological specimens, including hair, in 331 circumstances of attempted or accomplished poisonings. Cumulative exposure to organophosphorus 332 pesticides was demonstrated by Kavvalakis et al. 2012 (44) , who reported results on hair samples from both 333 the general population and exposed populations. Concentrations of non-specific metabolites of 334 organophosphorus pesticides, dialkilphosphates, ranged from 40 to 165 ppb for the general population and 335 from 181.7 and 812.9 ppb for the exposed population. Similar hair concentrations were reported also by 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 60 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 
